(19) 





(12) 



EuropdisBRes Patentamt 
European Patent Office 
Office europ6en des brevets . (11) EP 0 739 970 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

30.10.1996 Bulletin 1996/44 

(21) Application number: 96106428.4 

(22) Date of filing: 24.04.1 996 



(51) Int CI. 6 : C10L 1/18, C10L 10/04, 
G11C3/02 



(84) Designated Contracting States: 


, • Ito, Junzo, 


DEFRGB 


c/o Kao Corporation 
Wakayama-shi, Wakayama (J P) 


(30) Priority: 24.04.1995 JP 98539/95 


• Fukuda, Masahiro, 


08.11.1995 JP 290096/95 


c/o Kao Corporation 
Wakayama-shi, Wakayama (JP) 


(71) Applicant: KAO CORPORATION 




Chuo-ku Tokyo (JP) 


(74) Representative: Hansen, Bernd, Dr. Dlpl.-Chem. 
etal 


(72) Inventors: 


Hoffmann, Eitle & Partner, 


• Hashimoto, Jiro, 


PatentanwSIte, 


c/o Kao Corporation 


Arabellastrasse 4 


Wakaya ma-shi, Wakayama (JP) 


81925 MQnchen (DE) 



(54) Gas oil compositions and gas oil additives 

(57) A gas oil composition having improved lubricity 
which can reduce wear of metallic surfaces which the ; 
composition contacts comprises a gas oil having a low 
sulfur content, and a glycerol/monofatty acid ester and a ~ 
glycerol/difatty acid ester which have a specific fatty 
acid residue composition. \ 



CO 



Q. 
LU 



Printed by Rank Xerox (UK) Business Services 
' . \ • 2.13.8Q.4 V " • " ^ 




EP0 739 970A1 



Description 

Background of the invention 
5 Field of the Invention 

The present invention relates to a gas oil, such as a diesel fuel, composition having improved lubricity and a low 
sulfur content which can reduce wear of metallic surfaces the composition contacts; a gas oil additive to be used for the 
gas oil composition; and a process for preparing the gas oil additive. 

10 

Description of the Related Art 

In recent years, environmental pollution by nitrogen oxides (NOx), sulfur oxides (SOx) and particulate matters each 
contained in an exhaust gas coming from diesel cars has arisen as a problem. To describe specially, it has been a prob- 

75 lem that acid matter formed by the combustion of sulfur components contained in gas oil as a fuel for engines causes 
corrosion and wear of metal, and acid rain. Up to now, nitrogen oxides and sulfur oxides contained in exhaust gas have 
been regulated, and a new regulation with respect to particulate matter has been added. 

It has been firstly proposed as a countermeasure for this regulation with respect to the particulate matter to reduce 
the sulfur oxides contained in exhaust gas, in other word, to cut down a sulfur content of gas oil in stages. Further, the 

20 amendment (1990) of the Clean Air Act in U.S. A. provides that the sulfur content of gas oil as a quality standard must 
be 0.05 % by weight or less. In Japan, it is anticipated that there will be taken a phased countermeasure to restrict the 
sulfur content among the quality standard of gas oil in Japan firstly to 0.2 % by weight or less, and further to 0.05 % by 
weight or less within this century. Under such circumstances, patent applications each disclosing a process for prepar- 
ing a gas oil for diesel engines having a low sulfur content have been filed, and, further, gas oils each having a low sulfur 

25 content have already been put on the market in, e g., Europe and U.S.A. 

However, reductions in the sulfur content of the gas oil has caused a new problem of fuel pump seizures due to a 
reduction of the lubricity of the gas oil (see SAE Paper 942016). By using a gas oil having a low sulfur content and a 
low aromatic-compounds content as an environment-protecting fuel, in fact, several thousands of cars have encoun- 
tered troubles caused by a lack in the lubricity of the gas oil in Sweden in Europe. While, in Japan, gas oils for diesel 

30 engines each having a low sulfur content are not presently popular. However, also in Japan, it is anticipated that the 
employment of gas oils for diesel engines having a low sulfur content in the near future will cause the problems of seize 
of a fuel pump and wear of metallic surfaces. International Publication No. WO 94/17160 (published on August 4, 1994) 
and European Patent Publication-A No. 0608149 (published on July 27, 1994) disclose fuel compositions each com- 
prising an ester of a carboxylic acid having 2 to 50 carbon atoms with an alcohol, which are useful to improve lubricity 

35 and reduce wear in diesel engines. In thses documents, glycerol monooleate and diisodecyl adipate are cited as exam- 
ples of such esters. However, the fuel compositions are expensive, and the objects of the inventions described in the 
above documents, i.e., improvement of lubricity and reduction of wear in diesel engines, are not sufficiently attained by 
the fuel compositions. 

40 Disclosure of the Invention 

Summary of the Invention 

An object of the present invention is to provide a low-sulfur gas oil composition having improved lubricity which can 
45 reduce wear of metallic surfaces, such as two surfaces of a fuel pump facing each other and sliding on each other, the 
composition contacts. 

The other object of the present invention is to provide a gas oil additive which can give lubricity to a gas oil having 
a low sulfur content, and a process for preparing the gas oil additive. 

The present inventors have made extensive studies to attain the objects described above. As a result of the studies, 
so they have found that the objects described above are attained by using a mixture of glycerol/fatty acid esters having a 
specific fatty acid residue composition. The present invention has been completed on the basis of this finding. 

Thus, the first embodiment of the present invention relates to a gas oil composition comprising a low-sulfur gas oil, 
a first compound represented by the following formula (I), a second compound represented by the following formula (II) 
and a third compound represented by the following formula (111), wherein the total amount of the compounds repre- 
55 sented by formulas (I) and (II) is not less than 80% by weight and less than 1 00% by weight based on the total weight 
of the compounds represented by formulas (I), (II) and (111); and the weight ratio of the compound represented by for- 
mula (I) to the compound represented by formula (II) is 0.25 to 4.0: 
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CHn— CH — CHo 

I II (I) 

5 OXj qx 2 ox 3 ' 

wherein X 1# X 2 and X3 each represents a hydrogen atom or a group represented by the formula: RCO-, wherein R rep- 
resents a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl group having a cycloalkyl moiety and 
10 having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group having 9 to 22 carbon atoms, two of X 1 , X 2 
and X 3 are hydrogen atoms, and one of X 1t X 2 and X 3 is a group represented by the formula: RCO-, wherein R is as 
defined above; 
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CH9— CH — CHo 
III 

ox 4 ox 5 ox 6 



(II) 



20 wherein X4, X 5 and Xe each represents a hydrogen atom or a group represented by the formula: RCO-, wherein R is as 
defined above, one of X 1f X 2 and X3 is a hydrogen atom, and two of X 1( X 2 and X 3 are each a group represented by the 
formula: RCO-, wherein R is as defined above; 
and 
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wherein R 1( R 2 and R 3 each represents a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl group 
having a cycloalkyl moiety and having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group having 9 to 
22 carbon atoms. 

Further, the second embodiment of the present invention relates to a gas oil composition comprising a low-sulfur 
40 gas oil, a first compound represented by the above formula (0. a second compound represented by the above formula 
(II), a third compound represented by the above formula (III) and a fourth compound represented by the following for- 
mula (IV), wherein the total amount of the confounds represented by formulas (!) and (II) is not less than 80% by 
weight and less than 100% by weight based on the total weight of the compounds represented by formulas (I), (II). (Ill) 
and (IV); and the weight ratio of the compound represented by formula (I) to the compound represented by formula (II) 
45 is 0.25 to 4.0: ':\;'<\y V 

CH9-CH-CH0 * 
| | | (IV). 
so OH OH OH 



In the above formulas (I) and (II). R is preferably a linear alkyl group having 9 to 22 carbon atoms, a branched alkyl 
55 group having 10 to 22 carbon, an alkyl group having a cycloalkyl moiety and having 10 to 22 carbon atoms in total, a 
linear alkenyl group having 9 to 22 carbon atoms or a branched alkenyl group having 10 to 22 carbon atoms, and par- 
ticularly preferably a linear or branched alkyl group having 10 to 22 carbon atoms, an alkyl group having a cycloalkyl 
moiety and having 10 to 22 carbon atoms in total, or a linear or branched alkenyl group having 10 to 22 carbon atoms. 
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In the above formula (III), R 1f R 2 and R 3 are each preferably a linear alkyl group having 9 to 22 carbon atoms, a 
branched alkyl group having 10 to 22 carbon, an alkyl group having a cycloalkyl moiety and having 10 to 22 carbon 
atoms in total, a linear alkenyl group having 9 to 22 carbon atoms or a branched alkenyl group having 10 to 22 carbon 
atoms, and particularly preferably a linear or branched alkyl group having 10 to 22 carbon atoms, an alkyl group having 
5 a cycloalkyl moiety and having 10 to 22 carbon atoms in total, or a linear or branched alkenyl group having 10 to 22 
carbon atoms. 

In the above gas oil composition, the total amount of the compounds represented by formulas (I) and (II) is prefer- 
ably 0.001 to 0.1 part by weight, still more preferably 0.001 to 0.01 part by weight, based on 100 parts by weight of the 
gas oil. 

10 It is preferable to use a gas oil having a sulfur content of 0.2% by weight or less, and particularly preferable to use 
one having a sulfur content of 0.05% by waght or less. 

The third embodiment of the present invention relates to a method for reducing wear of metallic surfaces such as 
two surfaces of a fuel pump facing each other and sliding on each other, which comprises using the above-mentioned 
gas oil composition, and use of the above-mentioned gas oil composition for reducing wear of metallic surfaces such as 
is two surfaces of a fuel pump facing each other and sliding on each other. 

The forth embodiment of the present invention relates to a mixture comprising a first corrpound represented by the 
above formula (I), a second compound represented by the above formula (II) and a third compound represented by the 
above formula (III) as an additive, wherein the total amount of the compounds represented by formulas (I) and (II) is not 
less than 80% by weight and less than 1 00% by weight based on the total weight of the compounds represented by for- 
20 mulas (I). (II) and (III); and the weight ratio of the compound represented by formula (I) to the compound represented 
by formula (II) is 0.5 to 4.0, preferably 1 .0 to 2.5. 

The fifth embodiment of the present invention relates to a mixture comprising a first compound represented by the 
above formula (I), a second compound represented by the above formula (II), a third compound represented by the 
above formula (III) and a fourth compound represented by the above formula (IV) as an additive, wherein the total 
25 amount of the compounds represented by formulas (I) and (II) is not less than 80% by weight and less than 100% by 
weight based on the total weight of the compounds represented by formulas (I), (II), (III) and (IV); and the weight ratio 
of the compound represented by formula (I) to the compound represented by formula (II) is 0.5 to 4.0, preferably 1.0 to 
2.5. 

The above-mentioned mixtures as additives each preferably has such a fatty acid residue composition that an 

30 unsaturated fatty acid(s) having one double bond is 75 to 85% by weight, an unsaturated fatty acid(s) having two double 
bonds is 5 to 10% by weight and a saturated fatty acid(s) is 5 to 20% by weight, based on the total weight of the fatty 
acids originating from acyf groups in the compounds represented by formulas (I), (II) and (III), and still more preferably 
has such a fatty acid residue composition that 9-octadecenoic add is 68 to 78% by weight, based on the total weight of 
the fatty acids originating from acyl groups in the compounds represented by formulas (I), (II) and (III). 

35 The above-mentioned mixtures as additives are used for reducing wear of metallic surfaces. 

The above-mentioned mixture comprising a fourth compound represented by the formula (IV) as an additive pref- 
erably contains the compound represented by the formula (IV) in such an amount that it is more than 0% by weight and 
2.5% by weight or less, based on the total weight of the compounds represented by formulas (I). (II), (III) and (IV). 
Furthermore, the present invention relates to a process for preparing a mixture of a glycerol/fatty acid monoester, 

40 a glycerol/fatty acid diester and a glycerol/fatty acid triester, which comprises a step of esterrfying 1 mole of glycerol with 
0.7 to 2 mole of at least one member selected from the group consisting of a saturated linear fatty acid having 10 to 23 
carbon atoms, a saturated branched fatty acid having 10 to 23 carbon atoms, a saturated fatty acid having a cycloalkyl 
moiety and having 10 to 23 carbon atoms in total, an unsaturated (double bond) linear fatty acid having 10 to 23 carbon 
atoms and an unsaturated (double bond) branched fatty acid having 10 to 23 carbon atoms. 

45 In addition, the present invention relates to a process for preparing a mixture of a glycerol/fatty acid monoester, a 
glycerol/fatty acid diester, a glycerol/fatty acid triester and glycerol, which comprises a step of esterifying 1 mole of glyc- 
erol with 0.7 to 2 mole of at least one member selected from the group consisting of a saturated linear fatty acid having 
10 to 23 carbon atoms, a saturated branched fatty acid having 10 to 23 carbon atoms, a saturated fatty acid having a 
cycloalkyl moiety and having 10 to 23 carbon atoms in total, an unsaturated (double bond) linear fatty acid having 10 to 

so 23 carbon atoms and an unsaturated (double bond) branched fatty acid having 1 0 to 23 carbon atoms. 

The fatty acid as the raw material is preferably a fatty acid mixture comprising, based on the total weight of the mix- 
ture, 75 to 85% by weight of an unsaturated fatty acid having one double bond, 5 to 10% by weight of an unsaturated 
fatty acid having two double bonds and 5 to 20% by weight of a saturated fatty acid, and still more preferably a fatty acid 
mixture comprising, based on the total weight of the mixture, 68 to 78% by weight of 9-octadecenoic acid. 

55 The present invention will now be illustrated in detail. 



4 



EP 0 739 970 A1 

Detailed Description of the Invention 

Although the gas oil in the present invention refers to the one which is usually sold as "gas oil", that having a sulfur 
content of 0.2% by weight or less is preferable and that having a sulfur content of 0.05% by weight or less is particularly 

5 preferable. The gas oil having a low sulfur content is prepared by a method wherein, with a hydrodesulfurizing appara- 
tus, a gas oil cut prepared by distiliating crude oil under atmospheric pressures is, for example, (1) hydrodesulfurized at 
a high reaction temperature, (2) hydrodesulfurized under a high hydrogen partial pressure, or (3) hydrodesulfurized with 
a hydrodesulfurization catalyst having a high activity, the gas oil having a sulfur content of 0.2% by weight or less 
described above refers to the one of which the sulfur content measured by a radiation type excitation method described 

10 in JIS K 2541 is 0.2% by weight or less, and the desulfurizing method is not specifically restricted. 

Gas oil additives in the present invention are mixtures of a glycerol/fatty acid monoester (hereinafter abbreviated 
as a monoglyceride) represented by formula (I), a glycerol/fatty acid diester (hereinafter abbreviated as a diglyceride) 
represented by formula (II) and a glycerol/fatty acid triester (hereinafter abbreviated as a triglyceride) represented by 
formula (III), optionally together with glycerol represented by formula (IV) r 

is Specific examples of a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl group having a 
cycloalkyl moiety and having 9 to 22 carbon atoms in total, and a linear or branched alkenyl group having 9 to 22 carbon 
atoms in the definitions of R, in the definitions of Xj, X 2 and X 3 in formula (I), R. in the definitions of X4. X 5 and Xe in 
formula (II), and R 1t R 2 and R3 in formula (III) include those which will bedescribed below. 

Examples of the linear alkyl groups include nonyl group, decyl group, undecyl group, dodecyl group, tridecyl group, 

20 tetradecyl group, pentadecyl group, hexadecyl group, octadecy group, nonyldecyl group, eicosanyl group, heneicossa- 
nyl group and docosyl group. 

Examples of the branched alkyl groups include 1 -methylnonyl group, 1 -propylheptyl group. 3,7-dimethyloctyl group, 
2,4,6-trimethylheptyl group, 1-methyldecyl group, 2-methyldecyl group. 2-ethylnonyl group, 1-methyf undecyl group, 2- 
methylundecyl group, 2-ethyldecyi group, 1-(2'-methytpropyl)-3.5-dimethylhexyl group, 2,4,6,8-tetramethylnonyi group, 

25 2-methyldodecyl group, 2-ethylundecyl group, HS'-methyfoutyO-e-methylhepty group, 1-(r-methylbuty0-4-methylhep- 
tyl group, 1-methyltridecyl group, 2-methyttridecyl group, 2-ethyldodecyl group, 2-(3'-methy!buyg-7-methytoctyl group, 
2-(r-methylbuty0-5-methyloctyl group, 1-hexylnonyl group, 2-methyltetradecyl group, 2-ethyttridecyl group, 1-methyl- 
pentadecyl group. l-tr.^.^-trimethylbutylH.e.e-trimethyiheptyl group, HS'-methylhexylJ-e-methylnonyl group, 8- 
methylheptadecyl group, 2-heptylundecyl group. 2-(1 \3\3 , -trime^lbutyl)-5.7.7-trimethyloctyl group. 2-(3'-methylhexyl)- 

30 7-methyldecyl group, 2-methyloctadecyl group. 2,3-dimethytheptadecyl group. 3-methylnonadecyi group. 2,2<iimethyl- 
octadecyl group. 2,3-dimethyloctadecyl group. 2-butyl-2-heptylnonyl group, 2-methyleicosanyl group and 20-methylhe- 
neicosanyl group. 

Examples of the alkyl groups each having a cycloalkyl moiety include 4-cyclohexylbutyl group, butylcyclohexyl 
group and 3,3.5,5-tetramethylcyclohexyl group. : :x 
35 Examples of the linear alkenyl groups include 2-decenyi group. 9-decenyl group. 9-undecenyl group, 1 0-undecenyl 
group, 2-dodecenyl group, 3-dodecenyl group. 2-tridecenyl group, 4-tetradecenyi group, 9-tetradecenyl group. 9-penta- 
decenyl group. 9-hexadecenyl group, 9-heptadecenyl group, 9-octadecenyl group, 9,12-octadecadienyl group, 9,12,15- 
octadecatrienyl group, 9-nonadecenyl group, 1 1-eicosenyl group and 13-docosenyl group. 

Examples of the branched alkenyl groups include 3-methyl-2-nonenyl group, 2,4<limethy1-2-decenyl group. 2- 
40 methy-9-octadecenyl group and 2,2-dimethyi-1 1-eicosenyl group. 

The alkyl groups and alkenyl groups described above each has 9 to 22 carbon atoms, and the branched alkyl 
groups, alkyl groups each having a cycloalkyl moiety and branched alkenyl groups, among these alkyl groups and alke- 
nyl groups, each usually has 10 to 22 carbon atoms. Further, the alkyl groups and alkenyl groups described above each 
has preferably 10 to 22 carbon atoms, still more preferably 13 to 21 carbon atoms, and particularly preferably 13 to 17 
45 carbon atoms. 

Compounds represented by formulas (I), (II) and (III) of which alkyl or alkenyl moiety has 13 to 21 carbon atoms 
can be produced by using, as the raw materials; natural materials which are available at inexpensive cost. In addition, 
from the viewpoint of the wear-reducing ability, R, R 1f R 2 and R 3 in formulas (I), (II) and (III) are each preferably a linear 
alkyl or alkenyl group, and still more preferably a linear alkyl group. For satisfying both the solubility thereof to gas oils 
50 and the more excellent ability for reducing wear of metallic surfaces, it is preferred to use, as glycerides constituting the 
mixture described above as the gas oil additive, 

1) a mixture, as compounds represented by formula (I), of a monoglyceride wherein R is a linear alkyl group having 
1 3 to 21 , desirably 1 3 to 1 7 carbon atoms, and the other monoglyceride wherein R is a linear alkenyl group having 

55 13 to 21, desirably 13 to 17 carbon atoms; 

2) a diglyceride wherein one of two R's is a linear alkyl group having 13 to 21, desirably 13 to 17carbon atoms, and 
the other is a linear alkenyl group having 13 to 21 , desirably 1 3 to 1 7 carbon atoms, as the compound represented 
by formula (II); '? 
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3) a mixture, as compounds represented by formula (II), of a diglyceride wherein R is a linear alkyl group having 13 
to 21 , desirably 13 to 17 carbon atoms, and the other diglyceride wherein R is a linear alkenyi group having 13 to 
21. desirably 13 to 17 carbon atoms; 

4) a triglyceride wherein one or two of R 1( R 2 and R 3 is(are) each a linear alkyl group having 13 to 21, desirably 13 
to 17 carbon atoms, and the other(s) is(are) each a linear alkenyi group having 13 to 21, desirably 13 to 17 carbon 
atoms, as the compound represented by formula (III); 

5) a mixture, as compounds represented by formula (III), of a triglyceride wherein R 1f R 2 and R 3 are each a linear 
alkyl group having 13 to 21 , desirably 13 to 1 7 carbon atoms, and the other diglyceride wherein R 1 , R 2 and R 3 are 
each a linear alkenyi group having 13 to 21, desirably 13 to 17 carbon atoms; orthe like. 

The mixture as a gas oil additive has such a fatty acid residue composition of the compounds constituting the mix- 
ture, based on the total weight of the fatty acids originating from acyl groups in the compounds represented by formulas 
(I). (II) and (III), preferably that an unsaturated fatty acid(s) having one double bond is 75 to 85% by weight, an unsatu- 
rated fatty acid(s) having two double bonds is 5 to 10% by weight and a saturated fatty acid(s) is 5 to 20% by weight; 
still more preferably that the above-described unsaturated fatty acid(s) having one double bond is at least one member 
selected among those having 14 carbon atoms, having 16 carbon atoms and having 18 carbon atoms, the above- 
described unsaturated fatty ac»d(s) having two double bonds is at least one member selected among those having 18 
carbon atoms and the above-described saturated fatty acid(s) is at least one member selected among those having 14 
carbon atoms, having 16 carbon atoms and having 18 carbon atoms; particularly preferably that 9-octadecenoic acid is 
68 to 78% by weight. That is. the fatty acid residue composition is determined by calculating the acyl groups (fatty acid 
residues. R a CO-) in the compounds represented by the formulas (I), (II) and (III) as fatty acids (R a COOH). 

While, from the viewpoints of the wear-reducing ability and the solubility to gas oils at low temperatures, in the mix- 
ture described above as a gas oil additive, the weight ratio of the monogiyceride to the diglyceride is 0.25 to 4.0, pref- 
erably 0.5 to 4.0, and still more preferably 1 .0 to 2.5. 

In the mixture as a gas oil additive according to the present invention, when it is a mixture of a monogiyceride, a 
diglyceride and a triglyceride, the total weight of the monogiyceride and the diglyceride is not less than 80% by weight 
and less than 100% by weight, and preferably not less than 90% by weight and less than 100% by weight; and the trig- 
lyceride is more than 0% by weight and 20% by weight or less, preferably more than 0% by weight and 1 5% by weight 
or less, and still more preferably more than 0% by weight and 1 0% by weight or less. 

In the mixture as a gas oil additive according to the present invention, when it is a mixture of a monogiyceride, a 
diglyceride, a triglyceride and glycerol, the total weight of the monogiyceride and the diglyceride is not less than 80% 
by weight and less than 1 00% by weight, and preferably not less than 90% by weight and less than 1 00% by weight; the 
triglyceride is more than 0% by weight and 20% by weight or less, preferably more than 0% by weight and 15% by 
weight or less, and still more preferably more than 0% by weight and 10% by weight or less, and the glycerol is prefer- 
ably more than 0% by weight and 5% by weight or less, still more preferably more than 0% by weight and 2.5% by 
weight or less, and particularly preferably more than 0% by weight and 1% by weight or less, base on the total weight 
of the monogiyceride, the diglyceride, the triglyceride and the glycerol. 

The triglyceride has a poor adsorptivity to metal, and, therefore, it is not to say that the triglyceride is excellent in 
wear-reducing ability or wear-preventing performance. Accordingly, the content of the triglyceride is restricted to such 
one described above. Further, the unreacted glycerol has no wear-reducing effect or wear-preventing effect in itself, and 
rather checks the wear-reducing effect of the monogiyceride and diglyceride. In addition, the glycerol has a low solubil- 
ity to gas oils. Accordingly, the content of the glycerol is restricted to such one described above. 

The amount of the mixture as a gas oil additive to be added to gas oil is not specifically restricted. It may be used 
in such an amount as to satisfactorily reduce the wear of metal during the gas oil composition containing the gas oil 
additive contacts to the surface of the metal. Specially, it is preferable to use a gas oil additive in an amount such that 
the total of the monogiyceride and the diglyceride described above is 0.001 to 0.1 part by weight, particularly 0.001 to 
0.01 part by weight, based on 1 00 parts by weight of a gas oil. When the amount of the gas oil additive is in this range, 
its wear-preventing effect is satisfactorily exhibited, and it is economically advantageous. 

Although the mixture as a gas oil additive used in the gas oil composition of the present invention may be a com- 
mercially available one, it is preferable to use the one produced by the following process. 

Thus, glycerol is esterif ied with at least one member selected from the group consisting of a saturated linear fatty 
acid having 10 to 23 carbon atoms, a saturated branched fatty acid having 10 to 23 carbon atoms, a saturated fatty acid 
having a cycloalkyl moiety and having 1 0 to 23 carbon atoms in total, an unsaturated (double bond) linear fatty acid hav- 
ing 10 to 23 carbon atoms and an unsaturated (double bond) branched fatty acid having 10 to 23 carbon atoms. The 
fatty acids used are preferably those each having 1 1 to 23 carbon atoms, still more preferably those each having 14 to 
22 carbon atoms, and particularly preferably those each having 14 to 18 carbon atoms. In this specification, "a satu- 
rated fatty acid having a cycloalkyl moiety and having 10 to 23 carbon atoms in total" refers to a monohydric carboxylic 
acid containing a cycloalkyl group therein and having 1 0 to 23 carbon atoms in total. 
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Generally, a fatty acid mixture is used as a fatty acid as a raw material. The fatty acid mixture is preferably a mixture 
comprising, based on the total weight of the mixture, 75 to 85% by weight of an unsaturated fatty acid having one double 
bond, 5 to 10% by weight of an unsaturated fatty acid having two double bonds and 5 to 20% by weight of a saturated 
fatty acid; still more preferably a mixture comprising, based on the total weight of the mixture, 75 to 85% by weight of 
5 an unsaturated fatty acid having one double bond and having 14, 16 or 18 carbon atoms. 5 to 10% by weight of an 
unsaturated fatty acid having two double bonds and having 18 carbon atoms, and 5 to 20% by weight of a saturated 
fatty acid having 14, 16 or 18 carbon atoms; and particularly preferably a mixture comprising, based on the total weight 
of the mixture, 68 to 78% by weight of 9-octadecenoic acid. 

With respect to the amounts of the raw materials used, the fatty acid is used preferably 0.7 to 2 moles, still more 
10 preferably 0.9 to 2 moles and particularly preferably 0.9 to 1 .3 moles, per mole of glycerol. 

The manner of the reaction of glycerol with a fatty acid is not specifically restricted. The reaction may be batch wise 
or continuous. Further, examples of the manners for feeding raw materials include one comprising feeding them 
together before the start of the reaction and another one comprising feeding them successively, and the manner is not 
specifically restricted in the present invention. 
is The reaction described above may be effected in the presence of a solvent. The solvent usable is one inactive to 
the reaction, and examples thereof include aromatic compounds such as benzene, toluene and xylene, and saturated 
hydrocarbons, though depending on the reaction temperature. 

In order to accelerate the reaction, acid catalysts such as sulfuric acid and p-toluenesulfonic acid, or metal catalysts 
such as tin oxide and tetraphenoxytitanium can be used as well. The catalyst is used in an amount of, e.g., 0.01 to 10% 
20 by weight based on the weight of the fatty acid, though the amount varies depending on the reaction manner. 

The reaction temperature is usually 100 to 300°C, preferably 100 to 250°C. though it varies depending on the reac- 
tion manner, the amount of the catalyst, and the kinds of the raw materials. 

The reaction pressure is not specifically restricted, and it may be effected under atmospheric pressures or under a 
reduced pressure. 

25 The reaction time, which varies depending on the kinds of the raw materials, the amount of the catalyst and the kind 
of the catalyst, is usually about 1 to 100 hours. 

In some case, a step of removing water and/or the solvent from the reaction mixture is necessitated during or after 
the esterification. In such a case, the water and/or the solvent is(are) recovered by distillation. When a solid matter is 
present in the reaction mixture, the solid matter is removed by f iltering or centrrfuging the reaction mixture, if necessary. 

30 A method for obtaining resulting glycerides from the reaction mixture after the corrrpletion of the reaction is not spe- 
cifically restricted. For example, in the case where a catalyst is used, glyceride can be obtained by operations compris- 
ing filtering the reaction mixture to remove the catalyst, and distilling the resulting filtrate. In the case where the filtrate 
is difficult to pass through the filter in filtering the reaction mixture comprising the catalyst, a filtering aid can be used. 
Further, as described above, the unreacted glycerol may deteriously affect, in some cases, the performance for 

35 preventing the wear of metals that the gas oil additive used in the present invention has. Therefore, it is preferable to 
reduce the glycerol content to a given amount or less by, e.g., distilling the reaction mixture after the completion of the 
reaction. 

The gas oil composition of the present invention may further comprise various supplementary additives. Examples 
of such additives include antioxidants, conductivity improvers, metal deactivators, freezing-controlling additives, cetane 

40 number improvers, combustion improvers (including smoke controllers), surfactants, dispersarrts, manifold system 
detergents, corrosion inhibitors, demulsifiers, top cylinder lubricants, and dyes. 

Among the antioxidants, phenolic antioxidants are suitably used. However, gas oil soluble antioxidants other than 
phenolic antioxidants can also be used. Examples of the suitable antioxidants other than phenolic antioxidants include 
amine antioxidants, phosphites, sulfur-containing antioxidants, and other similar substances. The amount of the antioxi- 

45 dant is preferably about 2.8 to 28 g per 1 000 liter of the gas oil composition. However, it is provided according the neces- 
sity, and is not restricted within this range. 

The conductivity improver is to be dissolved in the gas oil composition in order to elevate the conductivity of the gas 
oil composition to be in a suitable range, for example, to be in a range of about 50 to 600 ps/m as measured according 
to ASTM D-2624. The addition amount thereof is preferably about 5 to 50 g per 1000 liters of the gas oil composition. 

so Examples of the metal deactivator includes N.N'-disalicylidene-1,2-propanediamine, N,N'-disalicyiidene-1 ,2- 
cyclohexanediamine N,NXJisalicylidene-1.2-ethanediamine, N,N"-disalicylidene-N'-methyldipropylenetriamine. 8- 
hydroxyquinoline, ethylenediaminetetracarboxylic acid, acetylacetone, octytacetoacetate. and substances similar 
thereto. The addition amount of the metal deactivator is sufficient usually in an amount of about 5.6 g or less per 1000 
liters of the gas oil composition. However, it may also be used in an enhanced amount for giving a higher concentration, 

55 according to necessity. 

Examples of the anti-freeze additives include alcohols, glycols, and monocarboxylic acid esters of polyalkylene gly- 
cols. The addition amount thereof is sufficient usually in an amount of about 1 40 g or less per 1 000 liters of the gas oil 
composition. 
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Examples of the surfactants and dispersants include amides and imides, particularly succinimide; mono* and poly- 
carboxyiic acid esters, particularly succinic acid esters; carbamates; hydrocarbylpolyamines; and hydrocarbylpolyether- 
polyamines. 

By using the gas oil composition of the present invention, the reduction of the wear of metals can be attained in the 
5 metallic surfaces the gas oil composition contacts. 



The present invention will now be illustrated with reference to examples, though the present invention will not be 
10 restricted to the following examples. 

Production exgmples 

460 g (5.0 moles) of glycerol and 1412.4 g (5.0 moles) of 9-octadecenoic acid were weighed and put into a 5000 
15 ml flask equipped with a stirrer, a thermometer, a nitrogen introducing tube, and a dehydrator having a condenser. They 
were subjected to an esterHication reaction at 240°C for 10 hours under nitrogen flow to thereby give glyceride A. Glyc- 
erides B to R were prepared in the same manner as that described above, except that fatty acids shown in Table 1 were 
used instead of 9-octadecenoic acid and that the molar ratios of the raw materials fed were varied as those given in 
Table 1. 

20 In Table 1 , analytical results of the resulting glycerides A to R and commercially available products by gel permea- 
tion chromatography (GPC) with respect to mono-, di- and triglyceride and glycerol are also shown. 
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Table 1 \ ,\ 



5 


Clycc- 
ride 


Fatty acid composition 
(by weight) 


Ratio t 
between . 
raw 

materials 


Coapoa itlon of rlycer ides 
: : (* by weifht) 


Ratio of 
aoaogiycariae 

to 

diflycerlde 


10 


fatty 
acid/ 
glycerol 

(by Boiel 


Mono- 
flyce- 
ride c 


bi- 

Clyce- 
rlde 


Tri- 

rlyce- 

ride 


Glyce- 
rol 






A 


9-Octadecenoic acid 


1.0 


56.6 


37.4 


4.9 


1.1 


1.51 




B 


Octadecanoic acid 


1.0 


51.2 


43.5 


4 .3 


1.0 


1.16 




C 


Decanolc acid 


1.0 . 


57.2 


35.6 


5.2 


2.0 


l.ol 


15 


D 


Docosanoic acid " 


1.0 


48.3 


43.9 


6.3 


15 


1.10 




E 


2.4.6-Triaethylheptanoic acid 


1.0 


59^2 


33.9 


5.1 


1.8 


1.75 




F 


2- ( 3 • -Methylhexyl ) -7-«ethyl- 
decanoic acid 




57ls 


35.3 


5.2 


2.0 


1.63 




G 


9-Decenoic acid 


• ; l.o : 


58.1 


33.9 


5.8 


2.2 


tin 


20 


H 


13-Docosenoic acid 


1.0 


49.2 


41.7 


7.0 


2.1 


1.18 




I 


9-0ctadecenoic acid/11- 
eicosenoic acid/13-docosenolc 
acid (40/15/45) 


1.0 


52.6 


35.7 


9.2 


2.5 




25 


j 


9-0ctadecenolc acid/11- 
eicosenoic acid/13-docosenoic 
acid (40/15/45) 


2.0 


31,5 


52.1 


14,2 


2.2 


0.60 


30 


K 


Tetradecanoic acld/hexa- 
decanolc acld/octadecanolc 
acid/5-tetradedecenotc acid/ 
7-hexadecenoic acid/9-octa- 
decenolc acid/9 ,12-octa- 
decadlenolc acid 
(3/6/1/3/7/72/8) 


1.0 


57.0 

. - 


37.1 


5.0 


0.9 


1.54 . 




L 


Sane fatty acid as K 


2.0 


32.1 


52.8 


14.2 


0.9 


. ^o.6in:- : 




H 


Saae fatty acid as K 


1.0 


56.3 


36.2 


4.3 


9.2 


1.66 




P 


Saae fatty acid as K 


0.96 


72.1 


24 3 


2.7 


0.9 


.. .''-2.67 


35 


Q 


9-0ctadecenoic acid/octa- 
decanoic ac id/9,1 2-octa- 
decadienoic acid (76/15/9) 


1.0 


58.1 


38.3 


3.2 


M 


• l;52 ,. j- 


40 


R 


9-Octadecenoic acid/ 
octadecanoic acid 
(80/20) 


1.0 


59.3 


38.5 


1.6 


°r* 


l \ 1.54 * 


N 


Same fatty acid as K 


V 3.33 


1.1 


8.1 


90.0 


0.8 


0>14 




0 


Same fatty acid as J 


2.08 


22.0 


50.8 


25.0 


2.2 


.0*43 




Commer 
(comme 


daily available raonoglyceride ; 
rclal product 1) x [■>■■•' 


82.2 


14.2 


1.6 


2i0 




45 


Commercially available di^lyceride 
(commercial product 2) 


27,7 


57.9 


13.7 


0.7 


6.48 




Commercially available triglyceride . 
(commercial product 3) 


0.5 


7.8 


90.5 


1.2 


0.06 




Commercially available glycerol 
(commercial product 4) 


0 




0 


100 





55 Examples 1 tQ 20 and Comparative Examples 1 tp 7 

Glycerides A to R prepared in production examples and commercial products 1 to 4 were each added to a low-sul- 
fur gas oil having a sulfur content of 0.04% by weight in an amount shown in Table 2 per 100 parts by weight of the gas 
oil, and the resulting gas oil composition were subjected to a standard test known as a ball-lubricity evaluation test using 
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a cylinder. This test was effected based on ASTM D 5001 -90. In this test, scar diameters are measured, and the smaller 
the scar diameter is, the more effective the gas oil additive is to wear reduction. In order to make sure that these gas oil 
compositions had excellent storage stabilities, the compositions were stored at 25°C for one month under a surrounding 
light condition prior to carrying out the ball-lubricity evaluation test As a result, it was confirmed that the formation of 
5 precipitates, deterioration by oxidation, discoloration and the like were not observed in the compositions. The low-sulfur 
gas oil used as a base and a commercially available gas oil having a sulfur content of 0.2% by weight were subjected 
to the same test. 

The wear-reducing abilities of the invention and comparative gas oil compositions, and gas oils are shown in Table 
2. The gas oil compositions each containing a gas oil additive wherein the total amount of a monoglyceride(s) and a 
10 diglyceride(s) is 80% by weight or more based on the total amount of the gas oil additive and the weight ratio of the 
monog!yceride(s) to the diglyceride(s) is 0.25 to 4.0, have the scar diameters of from 0.31 to 0.55 mm and show excel- 
lent wear-reducing abilities. The comparative gas oil compositions and gas oils have the scar diameters of from 0.53 to 
0.82 mm and are inferior in the wear-reducing ability to the invention compositions. 

15 
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Table 2 



5 




Glyceride 


Sulfur content of ■ 
gas oil (% by weight) 


Amount* of 
glyceride^ 

added (parts 
by weight) '■. 


Total amount of 
mono- and 

diglyceridefparts 
by weight) 


Scar 
diameter (mm) 




1 — AOi 1 >\-J* C 1 


A 


0.04 


0.002 


0.00188 | 


0.52 


IV 


1— ACU I l|JIC C 


A 


0.04 


0.005 


0.00470 


0.46 




CAcu 1 IfJJW O 


A 


0.04 


0.01 


0.00940 


0.40 




Fvamrd a A 


B 


0.04 


0.005 . ; . 


6.00474 


0.45 


15 


PyamnlA *5 

C ACU 1 IJ-H O w 


c 


0.04 


0 005 


0.00464 


0.46 


CACll 1 I^Jl C O 


D 


0.04 


0.005 


0.00461 


0.47 I 




FyamolA 7 


E 


0.04 .■;«; .** < 


vo bos > 


0.00466 


0.42 






F 


0.04 


^ d.oos; • 


0.00464 


0.49 


20 


Cva mnJ a Q 

ACU 1 t^m XS 3 


G 


0.04 


0.005 


0.00460 


0.41 




L. ACU 1 l|JI v3 1 V> 


H 


0.04 


o;oQ5 


0.00455 


0.51 




Example 1 1 


I 


0.04 


0.005 


0.00442 


0.50 




Example 12 


J 


0.04 


0.005 


0.00418 


0.50 


25 


Example 13 


K 


0.04 


,' . 0X)02 : 


0.00188 


0.40 




Example 14 


K 


0.04 


0.005 V 


0.00471 


0.31 




Example 15 


L 


0.04 


0.005 


0.00425 


0.53 | 


30 


Example 16 


M 


0.04 


0.005 • 


0.00463 


0.54 




Example 17 


Commercial 


0.04 


0.005 


0.00428 


0.55 




CAcuTipm io 


p 


0 04 


0.005 


0.00482 


0.40 


35 


Example 19 


Q 


0.04 


0.005 


0.00482 


0.35 




Example 20 


R 


0.04 


0.005 


0.00489 


0.43 




Comp. Ex. 1 


N 


0.04 


0.005: 


0.00046 


0.73 


40 


Comp. Ex. 2 


O 


0.04 


0.005 


0.00364 


0.55 




Comp. Ex. 3 


None 


0.04 V. 


; ; 6 - 


6 


0.82 




Comp. Ex. 4 


None 


■ • -0.2 v. ' 


:o> f';$\ : 


o 


0.65 


45 


Comp. Ex. 5 


Commercial 
product 1 


0.04 


0 005 


0.00482 


0.53 




Comp. Ex. 6 


Commercial 
product 3 


0.04 , 


0.005 


0.00042 


0.78 


50 


Comp. Ex. 7 


Commercial 
product 4 


0.04 


; o!oo5 

■ ■ - 


0 


0.80 



Note) *: it is an amount of a mixture of monoglyceride, diglyceride, triglyceride and glycerol (the same will be applied here- 
inafter). \ 
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Exqmpleg 21 to 40 and Comparative Examples 8 to 13 

A Faiex test described in ASTM D 2670-81 was performed in order to investigate the wear-reducing abilities of glyc- 
erides A to M, O, P. Q and R, and commercial products 1 to 4. V blocks and pins were immersed in each of the compo- 

5 sitions used in Examples 1 to 20 and Comparative Examples 2, 5, 6 and 7, and they were rotated for 1 0 minutes without 
applying load. Subsequently, after preliminary rotation at 100 lb for 5 minutes, V blocks and pins were further rotated at 
1 50 lb for 3 hours. After stopping the rotation, the wear amounts of the V blocks and the pins were investigated. Further, 
the low-sulfur gas oil (Comparative Example 3) used as a base and a commercially available gas oil (Comparative 
Example 4) having a sulfur content of 0.2% by weight were also subjected to the same test. The results thereof are 

10 shown in Table 3. The test temperature was 25°C when starting the test and then elevated to 45 to 50°C due to frictional 
heat during testing. 

In spite of the elevation of the temperature due to frictional heat as described above, the wear amounts of the V 
blocks and the pins were from 12.3 to 27.6 mg when the gas oil compositions of the present invention were used, and 
it shows that the gas oil compositions of the present invention have excellent wear-reducing abilities. Among them, the 
is composition using giyceride K has the most excellent wear-reducing ability. On the other hand, the wear amounts of the 
V blocks and the pins in Comparative Examples were from 20.9 to 38.0 mg, and it is understood that the comparative 
compositions and gas oils were inferior in the wear-reducing abilities to the gas oil compositions of the present inven- 
tion. 

20 
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Table 3 



0 




Glyceride 


Sulfur oontent of 

yctb un \ a> uy wciyi 


Amount of glyceride 
added f Darts bv weiaht) 


Wear 
amount (ma) 




example ca 


A 

M 


n r\4 


0.002 


27.6 




exarnpie 


A 
M 


n o4 * 


. 0.005 


20.3 


10 


example to 


A 

M 


in nd 


0.01 


14.2 


tXHJTipie cA 


R 


h rid 


0.005 


16.2 




example c.o 


n 

V/ 


n nd 


0.005 


19.3 




example <id 


n 


U.U*T 


0.005 


21.5 


15 


example c. t 


c 


• U.U*r , 


0.005 


17.0 




example £o 


r 


n n4 


0.005 


22.9 




example 




o 04 


0 005 


16.1 


20 


exarnpie ou 


u 


O 04 


0.005 


19.4 


example oi 


i 


O 04 


0.005 


18.4 




example o<£ 


i 


O 04 ■ 


0.005 


18.9 




example oo 


i\ 


0 04 


0 002 


15.1 


25 




fx 


0 04 


0.005 


12.3 




Example 35 


1 

L 


U.U4 • 


0 OO 1 ? 






example oo 


Kit 

IVI 




- 0 OO 1 ? 


27 3 


30 


example o/ 


commercial proauci <z 


U-UT 


o oos 


23 1 


example oo 


r 


O 04 


0 OO 1 ? 


14.1 




Example 39 




U.U4 . 


O OO^ 


13 S 




Example 40 


R 


0.04 


0.005 


15.9 


35 


Comp. Ex. 8 


O 


0.04 


0.005 


20.9 




Comp. Ex. 9 


None 


0.04 


0 


38.0 




Comp. Ex. 10 


None 


0.2 


' '■' o 


32.3 


40 


Comp. Ex. 11 


Commercial product 1 


0.04 


0.005 


21.2 




Comp. Ex. 12 


Commercial product 3 


0.04 : 


0.005 


34.5 




Comp. Ex. 13 


Commercial product 4 


0.04 


: 0.005 


37.3 



45 



Examples 41 to 60 and Comparative Examples 14 to 19 

so A Soda type pendulum test was performed in order to investigate the lubricities of glycerides A to M. O. P, Q and 
R. and commercial products 1 to 4. Balls and pins were immersed in each of the compositions used in Examples 1 to 
20 and Comparative Examples 2, 5, 6 and 7, and friction coefficients were determined from the attenuation factors of 
the pendulum. Further, the low-sulfur gas oil (Comparative Example 3) used as a base and a commercially available 
gas oil (Comparative Example 4) having a sulfur content of 0.2% by weight were also subjected to the same test. The 

55 results thereof are shown in Table 4. The lower the friction coefficient, the more effective the lubricity. The test temper- 
ature was 25°C when starting the test. - ' r - \ 

The friction coefficients were from 0. 1 85 to 0.273 when the gas oil compositions of the present invention were used, 
and it shows that the gas oil compositions of the present invention have excellent lubricities. Among them, the compo- 
sition using glyceride K has the most excellent lubricity. On the other hand, the friction coefficients in Comparative 
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Examples were from 0.265 to 0.358, and it is understood that the comparative compositions and gas oils were inferior 
in the lubricities to the gas oil compositions of the present invention. 



5 


Table 4 






Glyceride 


Sulfur content of 

aas oil (% hv wpinhtt 


Amount of glyceride 
duucu spoils uy weignij 


Friction 
coefficient 




Example 41 


A 


0.04 






10 


Example 42 


A 


0.04 


0 OAK 
u.uuo 


A 91C 




Example 43 


A 


0 04 

U.U*T 


O 01 
U.U I 


A Of\A 




Example 44 


B 


0 04 


u.uuo 


A 01 1 

U.^1 1 


15 


Example 45 


c 


0 04 


u.uuo 


A OAQ 


Example 46 


D 


0 04 

v.Ut 


U.UUO 


A OOA 




Example 47 


E 


0 04 


U.UUO 


A OOC 




Example 48 


F 


0 04 


o on 1 ; 
u.uuo 


A OIC 


20 


Example 49 


G 


0 04 


o aac 
u.uuo 






Example 50 


H 


0 04 


n aac 
u.uuo 


A OCi 




Example 51 


I 


n 04 


o no*; 
u.uuo 


A 01C 


25 


Example 52 


J 


0.04 


0.005 


0 260 


Example 53 


K 


n 04 


n aao 

U.UU& 


U.^Ul 




Example 54 


K 


n 04 


U.UUO 


0.185 




Examole 55 


L 


n 04 


a nnc 
U.UUO 


0.261 


30 


Examole 56 


M 


n 04 


U.UUO 


0.273 




Examole 57 


Commercial nrrvli mi 9 


n 04 


a nnc 
U.UUO 


A ICO 

0.258 




Examole 58 


p 


0 04 


O AA^ 
U.UUO 


A OA4 
U.^U 1 


35 


Example 59 


Q 


0.04 


0.005 


0.101 




Example 60 


R 


0.04 


0.005 


0.202 




Comp. Ex. 14 


O 


0.04 


0.005 


0.295 




Comp. Ex. 15 


None 


0.04 


0 


0.358 


40 


Comp. Ex. 16 


None 


0.2 


0 


0.325 




Comp. Ex. 17 


Commercial product 1 


0.04 


0.005 


0.265 




Comp. Ex. 18 


Commercial product 3 


0.04 


0.005 


0.332 


45 


Comp. Ex. 19 


Commercial product 4 


0.04 


0.005 


0.342 



50 [Studies of the test results] 

1) The ratios between components constituting gas oil additives 

As is apparent from the following Table 5, the wear-reducing ability is poor in the case where glyceride M having a 
55 glycerol content of 3.2% by weight is used, as compared with the case where glyceride K having a glycerol content of 
0.9% by weight is used. Further, as is apparent from the comparison of the Example using glyceride J with the compar- 
ative Example using glyceride O, the gas oil additive has a poor wear-reducing effect in the case where the total amount 
of a monoglyceride(s) and a diglyceride(s) is less than 80% by weight based on the amount of the gas oil additive (i.e., 
the total amount of a monoglyceride(s), a diglyceride(s), a triglyceride® and glycerol). Therefore, it is understood that 
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those contributing the wear-reducing ability are morioglycerides and digylcerides. 



Tables ; \ 



5 


Glyceride 


Composition of glycerides (% by weight) 


Scar 
diameter 
(mm) 


Wear 
amount (mg) 


Friction 
coefficient 


10 




Monoglyc- 
eride 


Diglyceride 


Triglyceride 


Glycerol 








K 


57.0 


37.1 


5.0 


0.9 


0.31 


12.3 


0.185 




M 


56.3 


36.2 


4.3 ;; 


3.2 


.0.54 


27.3 


0.273 




J 


31.5 


52.1 


14.2 


2,2 


0.50 


18.9 


0.260 


15 


O 


22.0 


50.8 


25.0 


2.2 


0.55 


20.9 


0.295 




Note) Examples in Table 5 are those each containing 0.005 part by weight of a glyceride per 100 parts by weight 
of agasoil. 



20 



2) The ratio of monoglyceride to diglycertde ; \. 

25 As is apparent from the following Table 6. in the case where the ratio of a monoglyceride(s) to a diglyceride(s) is 
less than 1.0, the wear-reducing effect is to be poor according to the reduction of the ratio. In particular, in the case 
where the ratio is 0.25 or less (glyceride N and commercial product 3), the wear-reducing effect thereof is extremely 
poor. On the other hand, in the case where the ratio of a monoglyceride(s) to a diglyceride(s) is more than 4 (commer- 
cial product 1) as well, the wear-reducing effect is poor. Thus, the gas oil additive shows an excellent wear-reducing 

30 effect in the case where the ratio of a monoglyceride(s) to a diglycerkJe(s) is from 1 .0 to 2.5, and shows the most excel- 
lent wear-reducing effect in the case where the ratio is 1 .5 (glyceride K). 



Table 6 



35 


Glyceride 


Weight ratio 
(monoglyceride/diglyceride) 


Scar 
diameter (mm) 


Wear 
amount (mg) 


Friction 
coefficient 




Commercial product 1 


5.78 


.0.53 


21.2 


0.265 




P 


2.97^ ■ 


0.40 


14.1 


0.201 


40 


K 


1.54 


0,31 


12.3 


0.185 




I 


1.47 


0.50 


18.4 


0.215 




J 


0.60 / 


• i 0.50 


18.9 


0.260 


45 


Commercial product 2 


0.48 


0.55 


23.1 


0.258 




N 


0.14 \ 


0.73 








Commercial product 3 


0.06 . / 


0.7JB .; 


34.5 


0.332 


50 


Note) Examples in Table 6 are those each containing 0.005 part by weight of a glyceride per 100 parts 
by weight of a gas oil. ; 



55 3) The composition of fatty acid residues 

As is apparent from the following Table 7, in the case where two or more fatty acid residues are present (glycerides 
I, K, Q and R) in the glycerides constituting the gas oil additive, the wear-reducing effect is more excellent, as compared 
with the case where only one fatty acid residue is present (glycerides A and B). In particular, in the case where a satu- 
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rated fatty add residues) and a unsaturated fatty acid residue(s) are present (glycerides K Q and m th* «h«w t. 



Glyceride 

X 
B 
I 

K 



Q 
R 



Table 7 

Fatty add (as raw material) composition (by weight) 

9-Octadecenoic acid 
Octadecanoic acid 

9-Octadecenoic acid/1 1-eicosenoic acid/1 3-docose- 
noicacid (40/15/45) 

Tetradecanoic acid/hexadecanoic acid/octadecanoic 
acid/5-tetradedecenoic acid/7-hexadecenoic acid/9- 
octadecenoic acki/9,12.octadecadienoic add 
(3/6/1/3/7/72/8) 

9-octadecenoic add/octadecanoic acid/9, 12-octadec- 
adienoic add (76/15/9) 

9-octadecenoic acid/octadecanoic acid (80/20) 



Scar 


Wear 


Friction 


diameter (mm) 


amount (mg) 


coefficient 


046 


ibl 


0.215 


0.45 


16.2 


0.211 


0.50 


18.4 


0.215 


0.31 


12.3 


0.185 


0.35 


13.5 


0.191 


0.43 


15.9 


0.202 



Note) 
gas 



3^ Examples in Table 7 are those each containing 0.005 part by weight of a glyceride per 100 parts by weight of a 



Claims 



A gas oil composition comprising a low-sulfur gas oil. a first compound represented by the following formula fll a 

rnula (III) wheran the total amount of the compounds represented by formulas (I) and (II) is not less than 80% hv 
^.TiK? 100% by W6i9ht baSed on the tote' weight of the compounds r^eserftXTrllasTS 



CH 9 -CH-CHo 

I I I 2 (I) 

OXj ox 2 ox 3 



S er i ;^5T5^S?* 8 Mr ° 9en at ° m w 3 9r0up rented by the formula: RCO-, wherein R 
IZ^T c or branched alkvl 9WMP having 9 to 22 carbon atoms, an alkyl group having a cycloalkyl md left 
X 1 535 h 0 ? 0 " "T" in *** ° r 8 ' inear ° r branChed a,ker *' W havTng 9 to 22 0£ atoms S 
Risa^deliSdi^ 



CH,-CH-CH, 

II I (II) 

ox 4 ox s ox 6 
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wherein X4, X 5 and Xe each represents a hydrogen atom or a group represented by the formula: RCO-. wherein R 
is as defined above, one of X 1t X 2 and X3 is a hydrogen atom, and two of X n , X 2 and X 3 are each a group repre- 
sented by the formula: RCO-, wherein R is as defined above; 

and .- : ■; ./ / V v 

CH9— CH—CHo . 

Ill /r V-v • - 
o 00 (ill) 

CO CO CO 

' .1 i ' i v ... 

R l R 2 ; R 3 r" - ;-' 

wherein R 1f R 2 and R 3 each represents a linear or branched alkyl group having 9 to 22 caibon atoms, an alkyl 
group having a cycloalkyl moiety and having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group 
having 9 to 22 carbon atoms. :\\ rj.;'''^ 

2. A gas oil composition comprising a low-sulfur gas oil, a first compound represented by the following formula (I), a 
second compound represented by the following formula (II), a third compound represented by the following formula 
(Ml) and a fourth compound represented by the following formula (IV). wherein the total amount of the compounds 
represented by formulas (I) and (II) is not less than 80% by weight and less than 1 00% by weight based on the total 
weight of the compounds represented by formulas (I), (II), (III) and (IV); and the weight ratio of the compound rep- 
resented by formula (I) to the compound represented by formula (II) is 0.25 to 4.0: 

CHo*~ CH— CHo ■•' . . : 

I 2 I l 2 : (i) V 

ox L px 2 0X3 ;;:ukf - 



wherein X 1 . X 2 and X 3 each represents a hydrogen atom or a group represented by the formula: RCO-. wherein R 
represents a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl group having a cycloalkyl moiety 
and having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group having 9 to 22 carbon atoms, two of 
X! , X 2 and X 3 are hydrogen atoms, and one of X^ , X 2 and Xq is a group represented by the formula: RCO-, wherein 
R is as defined above; 

CHo~CH — CHo 

III (ID 

0X 4 0X 5 OX 6 V): 



wherein X4, X 5 and Xe each represents a hydrogen atom or a group represented by the formula: RCQ-, wherein R 
is as defined above; one of X 1f X 2 and X 3 is a hydrogen atom, and two of X^ . X 2 and Xq are each a group repre- 
sented by the formula: RCO-, wherein R is as defined above; 
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I 

CO 
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CO 
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R 2 
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wherein R lf R 2 and R 3 each represents a linear or branched alkyl group having 9 to 22 carbon atoms an aikvi 



CH ? -CH-CH, 
I I I 
OH OH OH 



(IV) 



3. The composrtion according to Claim 1 or 2, wherein the total amount of the compound represented by formulas m 
and (II) .s 0.001 to 0.1 partby weight based on 100 parts by weight of the gas oiL * () 

4. ThecomposHionaccordingto Claim 1 or2. wherein the low-sulfur gas oil has a sulfur content of 0.2% by weight or 

5. Use of the composition according to Claim 1 or 2 for reducing wear of metallic surfaces. 

6 ' tatHtH S mP J? n9 , a !? oompound resented by the following formula (I), a second compound represented 
mSSSSST ™ h * W C ° mP0Und r6preSented * 1,18 fo,,owin 9 formula W as Additive wherein 

St^Z 9 ?! ? 6 ,0tel We ' 9ht * the ^P 0 "^ 8 represented by formulas (I), (II) and (III); and the 

we I3 ht ratio of the compound represented by formula (I) to the compound represented by formula (II) is 0.5 to 4 0: 

CH0-CH-CH9 

ill (i) 

OXj ox 2 ox 3 

wherein Xl X ? and X 3 each represents a hydrogen atom or a group represented by the formula: RCO-. wherein R 
I?h r I « or * ranched ^ 9 rou P having 9 to 22 ca*on atoms, an alkyl group having a cycloalkyl moiety 

RiAdef^dio Xl ' Xa ^ * 3 fe 8 9r ° UP represented b * 106 formula: R CO-. wherein 



"o CHo-CH-CH, 

I I I (ID 

ox 4 ox 5 ox 6 



45 



so 



55 



wherein X, X, and Xg each represents a hydrogen atom or a group represented by the formula- RCO- wherein R 
sentea Dy the formula: RCO-, wherein R is as defined above; 



and 
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wherein R 1t R 2 and R 3 each represents a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl 
group having a cycloalkyl moiety and having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group 
having 9 to 22 carbon atoms. ■/."■■! 

s 7. A mixture comprising a first compound represented by the following formula (t). a second compound represented 
by the following formula (II), a third compound represented by the following formula (III) and a fourth compound rep- 
resented by the following formula (IV) as an additive, wherein the total amount of the compounds represented by 
formulas (I) and (II) is not less than 80% by weight and less than 100% by weight based on the total weight of the 
compound represented by formulas (I), (II), (III) and (IV); and the weight ratio of the compound represented by for- 

10 mula(I) to the compound represented by formula (II) is 0.5 to 4.0: 

• CHo-CH~CHv *■ ' / ;V • 
I I I V:;- (I) 

is ox 1 ox 2 ox 3 : : 



wherein X 1 , X 2 and X3 each represents a hydrogen atom or a group represented by the formula: RCO-, wherein R 
20 represents a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl group having a cycloalkyl moiety 
and having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group having 9 to 22 carbon atoms, two of 
X 1 , X 2 and X 3 are hydrogen atoms, and one of X! . X 2 and X 3 is a group represented by the formula: RCO-, wherein 
R is as defined above; 
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CHo-CH—CHU . 

i i i . (id 

ox 4 ox 5 ox 6 

wherein X4, X 5 and Xg each represents a hydrogen atom or a group represented by the formula: RCO-. wherein R 
is as defined above, one of X 2 and X3 is a hydrogen atom, and two of X t , X 2 and X 3 are each a group repre- 
sented by the formula: RCO-. wherein R is as defined aboyei : '.. \ 



(III) 
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wherein R 1f R 2 and R 3 each represents a linear or branched alkyl group having 9 to 22 carbon atoms, an alkyl 
group having a cycloalkyl moiety and having 9 to 22 carbon atoms in total, or a linear or branched alkenyl group 
having 9 to 22 carbon atoms; and 



CHo*~CH~CHo 

i i I 

0H OH OH 



(IV) . 



8. 



The mixture according to Claim '■' "'<■/'} 

6 or 7, which has such a fatty acid residue composition that an unsaturated fatty acid(s) having one double bond is 
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75 to 85% by weight, an unsaturated fatty acid(s) having two double bonds is 5 to 10% by weight and a saturated 
fatty acid(s) is 5 to 20% by weight based on the total weight of the fatty acids originating from acyl groups in the 
compounds represented by formulas (I), (II) and (III). 

9. The mixture according to Claim 

6 or 7, which has such a fatty acid residue composition that 9-octadecenoic acid is 68 to 78% by weight, 
based on the total weight of the fatty acids originating from acyl groups in the compounds represented by formulas 
(I), (II) and (III). 

10. The mixture according to Claim 

7, wherein the amount of the compound represented by formula (IV) is more than 0% by weight and 2.5% 
by weight or less, based on the total weight of the compounds represented by formulas (0, (II). (Ill) and (IV). 
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